The structure and catalytic reaction mechanism of group II self-splicing introns are under intense investigation. These autocatalytic ribozyme sequences are widely distributed both in bacteria and in the chloroplast and mitochondrial genomes of lower eukaryotes, where their ribozyme activities are used to catalyze the splicing together of flanking exon sequences. Interest in the structure and function of these introns has been intensified by the finding that they use a reaction pathway which is similar to the splicing of nuclear pre-mRNAs by spliceosomes. However, in contrast to the spliceosome, which has a large number of essential protein components, group II introns can be genuinely autocatalytic: they can function in vitro in the absence of protein co-factors.
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Both systems use a two-step transesterification scheme which generates lariat forms of the intron as intermediates and products. Splicing is initiated with attack at the 5′ splice site by an adenosine residue near the 3′ end of the intron. This produces the 5′ exon and lariat intron-3′ exon intermediates of the splicing pathway. The 5′ exon carries a 3′ hydroxyl group which then attacks the 3′ splice site in the second transesterification, giving the ligated exons and lariat intron as products. Group II intron ribozymes and spliceosomes have the same stereochemical specificity, and there are intriguing similarities between their splice site sequences [1] [2] [3] . Consequently, there has been a great deal of speculation that group II introns and the small nuclear RNA (snRNA) molecules which form the heart of the spliceosome may have a common ancestry. According to this idea, there might be some correspondence in structure and function between the spliceosomal snRNAs and the functional domains of group II introns. How well does this suggestion fit the facts?
Phylogenetic and biochemical studies of group II introns have produced a secondary structure model in which the intron is folded into six helical domains (Fig. 1) . These domains must interact by specific tertiary contacts to generate the three-dimensional structure required for splice site recognition and catalysis [2, 3] . So far, however, only a few of the contacts between these functional domains have been characterized, so the higher-order structure of catalytically active introns is not known in detail. Domains 1 and 5 (D1 and D5) of a group II intron are required for catalysis. D5 is a 34 nucleotide duplex structure with a small internal loop, and this domain contains some of the most highly conserved residues found in group II introns. These include an invariant base-paired AGC sequence near the base of D5, and two phosphoryl oxygens which have been shown to be essential for catalytic activity [4] [5] [6] [7] .
Functional analysis of D5 has been facilitated by the ability of this domain to interact specifically in trans with a second RNA segment, consisting of the 5′ exon and domains 1-3 (eD123), and to catalyze accurate 5′ splice site cleavage. Structural modelling and kinetic analysis of D5-mediated catalysis have shown that two distinct surfaces of the D5 helix are involved in binding to the eD123 substrate and catalyzing splice site cleavage [7] . Intriguingly, there are distinct similarities between group II intron D5 and current models for the catalytic 'core' of the Outline secondary structure of a group II self-splicing intron. D1-D6 denote the six major structural domains of the intron. The exon binding sites, EBS1 and EBS2, base-pair with complementary intron binding sites, IBS1 and IBS2, in the 5′ exon. D5 and the EBS1 stem-loop, discussed in the text, are highlighted in orange and red, respectively; the splice sites are indicated by the blue arrow heads. spliceosome, which propose that a helix is formed between conserved nucleotides in U2 and U6 snRNAs in catalytically active spliceosomes [8, 9] . The helix in these models has phosphoryl oxygen atoms, which are essential for function, and an invariant AGC motif, and these lie in similar relative locations to their counterparts in group II D5 [8] [9] [10] [11] .
Domain 1 (D1) of a group II intron consists of several subdomains, including a stem-loop secondary structure element, which displays an exon binding site sequence (EBS1) in its terminal loop. EBS1 base-pairs with a sequence designated intron binding site 1 (IBS1) at the 3′ end of the 5′ exon [2, 3] (Fig. 1) . As in the studies of D5 function discussed above, a bimolecular trans-activation system has been instrumental in clarifying the role of the EBS1 stem-loop in group II intron splicing [12] . In group II introns harbouring a deletion of the EBS1 stem-loop from D1, the second catalytic step of splicing -exon ligation -is severely inhibited. The first step -5′ splice site cleavage and lariat formation -nevertheless proceeds accurately and efficiently in the absence of EBS1. Addition of a small EBS1 stem-loop RNA fragment in trans rescues exon ligation, consistent with the idea that the essential role of this sub-domain is to anchor the 5′ exon for the second catalytic step [12] .
Precisely the same function has been proposed for a conserved stem-loop in U5 snRNA, the third snRNA (after U2 and U6) known to play an important role in catalytically active spliceosomes [13, 14] . Spliceosomes lacking the U5 snRNA loop carry out the first catalytic step accurately and efficiently, but exon ligation is severely inhibited [15] . Intriguingly the exon-binding stem-loop of mammalian U5 snRNA can substitute for the EBS1 stem-loop and restore exon ligation in the group II intron trans-activation assay [12] . Experiments using compensating base-pair exchanges show that activation of exon-ligation by the U5 snRNA stem-loop is enhanced by increasing the complementarity between the loop and 5′ exon sequences.
These findings underscore the functional similarity between the group II intron EBS1 stem-loop and the U5 snRNA loop 1 -each is dispensable for accurate 5′ splice site cleavage but required to tether the exons for the second catalytic step [12, 15] . In both spliceosomes and group II introns, interaction between the 5′ exon and its binding site -EBS1 or U5 snRNA -is established before the first catalytic step, and this has the effect of precluding possible loss of the 5′ exon intermediate from the catalytic core [2, 3, [13] [14] [15] . On the other hand, 5′ exon-anchoring in the two systems is significantly different in at least one respect: in group II introns, complementarity between exon and EBS1 is paramount, whereas the spliceosome must be able to tether all exons regardless of their sequence. In fact, the 5′ exon interaction site on the invariant U5 snRNA loop is rich in U residues, which are known to be promiscuous basepairing partners, and this may facilitate exon-tethering and alignment in spliceosomes and in the group II intron trans-activation assay alike. Furthermore, it is possible that protein factors in the spliceosome may act to strengthen or 'fix' intrinsically weak contacts between the U5 snRNA loop and exon sequences.
The observation that 5′ splice site cleavage proceeds in the absence of the major 5′ exon binding site (EBS1 or the U5 snRNA loop) in both group II introns and the spliceosome indicates that this element is not an essential component of the catalytic site in either system, at least for the first catalytic step [12, 15] . It is also noteworthy that both systems retain sufficient specificity to ensure the accuracy of 5′ splice site cleavage, even in the absence of any contribution from the exon-binding site. This emphasizes the importance of other interactions with sequences in the vicinity of the 5′ splice site, which contribute to the specificity of the first catalytic step in both group II introns and spliceosomes [1] [2] [3] .
In summary, it looks as if the exon-binding substructure of group II intron D1 has a convincing spliceosomal counterpart in the shape of the phylogenetically conserved U5 snRNA terminal stem-loop. The correspondence between group II D5 and the proposed U2-U6 snRNA helix in the spliceosome is provocative but less clear-cut, and more information is needed to discern what contribution these RNA sequences make to the catalytic 'core' of each system. Ultimately, a clear picture of the three-dimensional structure and dynamics of group II introns and spliceosomes will be essential for understanding their catalytic activity.
